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[57] ABSTRACT 

An active matrix liquid crystal display apparatus comprises 
a liquid crystal panel having a plurality of pixel electrodes, 
a vertical driver circuit and upper and lower horizontal 
driver circuits for driving the liquid crystal panel. A sample 
hold circuit receives a video signal for level-shifting, ampli- 
fying and holding the received video signal and outputs a 
reduced frequency signal, and a gamma conversion circuit 
receives an output of the sample hold circuit for gamma- 
converting the received signal. A data inverting circuit 
receives an output of the gamma conversion circuit for 
selectively generating a data signal inverted in comparison 
with a predetermined constant voltage and a non-inverted 
data signal. A controller controls vertical driver circuit, the 
upper and lower horizontal driver circuits, the sample hold 
circuit, the ganuna conversion circuit and the data inverting 
circuit. The data signals in the same phase or in an opposite 
phase are supplied to the upper and lower horizontal driver 
circuits, respectively. 
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ACTIVE MATRIX LIQUID CRYSTAL 
DISPLAY APPARATUS 

This is a Continuation of ^plication Ser. No. 08/225,794 
filed Apr. 11, 1994, now abandoned. 5 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates to a liquid crystal display 
sqsparatus, and more specifically to an active matrix liquid 
crystal display apparatus configured to control a number of 
pixel dectrodes in a liquid crystal display panel on the basis 
of a RGB signal (a red signal, a green signal and a blue 
signal which constitute a trichromatic signal). 

2. Description of Related Ait 

A conventional active matrix liquid crystal display appa- 
ratus has been constructed to receive a red signal, a green 
signal and a blue signal and to drive analog or digital driver 
circuits for the purpose of controlling the pixel electrodes in ^ 
a liquid crystal di^lay panel 

Referring to FIG. 1, there is shown a block diagram 
illustrating one example of a conventional active matrix 
liquid crystal display apparatus. The shown conventional 
active matrix liquid cry^ display apparatus includes an ^5 
A/D converter (analog-to-digital converter) 18 receiving a 
red signal R^ a green signal G and a blue signal B for 
converting them into digital signals Nil, and a controller 4A 
receiving a horizontal synchronizing signal HS and a verti- 
cal synchronizing signal VS for controlling various parts of 
the active matrix liquid crystal display apparatus. The con- ^ 
troUer 4A includes therein a gamma (7) conversion circuit 2 
receiving the digital signals NU for generating output 
signals N12. 

The active matrix liquid crystal display apparatus also 
includes a D/A converter (digit^-to-analog converter) 19 for ^5 
converting into analog signals N13 the output signals N12 
obtained by convoting the output signals NU of the D/A 
converter 18 by the ganuna (7) conversion circuit 2, a data 
inverting circuit 3 receiving the analog signals N13 for 
generating complementary data signals N14 and N15, and a 40 
low-pass filter (LPF) 5 and a voltage controller oscillator 
(VCO) 6 associated to the controller 4A. 

An LCD (liquid crystal display) panel 9 includes a 
number of pixel electrodes 13 located in the form of a 
matrix. In HG. 1, only two pixel electrodes are shown for 45 
simplification of the drawing. This LCD panel 9 is associ- 
ated with an upper side horizontal driver circuit 11 and a 
lower side horizontal driver circuit 12 which are driven by 
the complementary data signals N14 and N15 outputted 
from the data inverting circuit 3 through signal buses 7 and ^ 
8, respectively, for the purpose of controlling a potential in 
a horizontal direction of the LCD panel 9. The LCD panel 
9 is also associated with a vertical driver circuit 10 con- 
trolled by the controller 4A for controlling a potential in a 
vertical f^iraction of the LCD panel 9. 

In the above mentioned circuit, the ted signal R. the green 
signal G and the blue signal B are converted by the A/D 
converter 18 into the digital signals Nil, which are in turn 
gamma-converted into the digital signals N12 by use of a 
ROM (read only memory) which is provided within the 
ganuna (y) conversion circuit 2 and which stores a bright- ^ 
ness-voltage characteristics of the LCD panel 9 and input- 
output conversion codes necessary for demodulating a video 
signal (which has been raised to 0.45 power). Then, the 
gamma-converted digital signals N12 are reuimed to the 
analog signals N13 by the D/A converter 19, and the analog 65 
signals N13 are sign-converted so that the complementary 
analog signals N14 and N15 are generated. These comple- 
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mentaiy analog signals N14 and N15 are supplied to the 
upper side horizontal driver circuit 11 and the lower side 
horizontal driver circuit 12 (both of the analog type hori- 
zontal driver) which are provided at an upper side and at a 
lower side of the LCD panel 9. The above apparatus is an 
analog type active matrix liquid crystal display apparatus. 

The above mentioned conventional analog type active 
matrix liquid crystal display apparatus requires six or eight 
bits or more for each output signal of the A/D converter, 
because of recent inclination of a full color display of the 
liquid crystal display. In addition, because of an increased 
number of pixels in the LCD panel, the dot clock of the 
video signal is apt to be increased. For example, in the LCD 
panel on the order of 1,300,000 pixels, the A/D converter 
requires a sampling rate of 100 MHz or more. In the A/D 
converter having the bit precision on the order of 8 bits and 
the sampling rate of 100 MHz or more, a power consump- 
tion is as large as 0.5 W to 1 W. Furthennore, the size of an 
overall apparatus becomes large, and the cost correspond- 
ingly becomes high. Accordingly, the active matrix liquid 
crystal display apparatus using the A/D converter is disad- 
vantageous in that a low power consumption (that is a merit 
of the LCD panel) cannot be effectively exerted, and the 
whole of the apparatus is large in size and expensive. 

In the above mentioned conventional analog type active 
matrix liquid crystal display apparatus, furthermore, the D/A 
converter used after the gamma conversion are also required 
to have a high bit precision and the high speed operation, 
similarly to the A/D converter used before the gamma 
conversion. This further increases the power consumption 
and makes the whole of the apparatus large in size and 
expensive. 

Now, referring to FIG. 2. there is shown a conventional 
digital type active matrix liquid crystal display apparatus. 
The shown digital type active matrix liquid crystal display 
apparatus includes an A/D converter 18 receiving a red 
signal R, a greoi signal G and a blue signal B for converting 
them into digital data signals Nil A and NllB, and an upper 
side horizontal driver circuit llA and a lower side horizontal 
driver circuit 12B which receive the digital data signals 
NUA and NllB, through signal buses 7A and 8A, respec- 
tively, and a gray scale voltage supply 20 for supplying a 
gray scale voltage to the upper side horizontal driver circuit 
HA and the lower side horizontal driver circuit 12B. respec- 
tively, a controller 4B for controlling a LCD panel 9, a 
vertical driver circuit 10, the A/D converter 18 and other 
driver circuits, similarly to the example shown in FIG. 1, and 
a low-pass filt^ (LPF) 5 and a voltage controller oscillator 
(VCO) 6 associated to the coruroller 4B. 

In the showii conventional digital type active matrix 
liquid CTy^ display apparatus, the output data signals llA 
and IIB are supplied directly to the horizontal driver circuits 
HA and 12A, and the gamma conversion is realized by 
setting the voltage from the gray scale voltage supply 20 to 
the horizontal driver circuits HA and 12A. 

In the conventional digital type active matrix liquid 
crystal display apparatus, since it has no D/A converter, the 
power consumption can be reduced by the amount corre- 
sponding to the D/A ccHiverter. However, considering each 
cf colors, in ^h*^- rase that a serial-parallel conversion of 1:N 
is performed in order to meet the precision of six or eight bits 
or more, or in order to fulfill the operating capability of the 
peripheral drivers (ordinarily, on the order of 30 MHz), it is 
necessary to supply the gamma-converted digital sigrials of 
6N bits to 8N bits to the peripheral drivers of the LCD panel. 
'Dierefore, a layout or arrangement of wiring conductors 
becomes very complicated in the conventional digital type 
active matrix liquid crystal display apparatus. This is a 
hindrance in miniaturization. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide an active matrix Uquid crystal display apparatus 
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which has overcome the above mentioned defect of the 
conventional ones. 

Another object of the present invention is to provide an 
active matrix liquid crystal display apparatus which can 
perform a signal processing with neither an A/D converter 5 
nor a D/A converter for the analog RGB video signal, and 
with a low power consumption, and which is compact in size 
and inexpensive. 

The above and other objects of the present invention are 
achieved in accordance with the present invention by an lo 
active matrix liquid crystal display apparatus comprising a 
liquid crystal panel having a plurality of pixel electrodes, a 
vertical driver circuit and upper and lower horizontal driver 
circuits for driving the liquid crystal panel, a sample hold 
circuit receiving a video signal for level-shifting, amplifying 
and holding the received video signal, a gamma conversion 
circuit receiving an output of the sample hold circuit for 
ganmia-converting the received signal, a data inverting 
circuit receiving an output of the gamma conversion circuit 
for selectively generating a signal inverted in comparison 
with a predetermined constant voltage and a non-inverted ^ 
signal, the inverted signal and the non-inverted signal being 
supplied to the upper and lower horizontal driver circuits, 
respectively, and a controller controlling the vertical driver 
circuit, the upper and lower horizontal driver circuits, the 
sample hold circuit, the gamma conversion circuit and the 25 
data inverting circuit 

According to another aspect of the present invention, 
there is provided an active matrix liquid crystal display 
apparatus comprising a liquid crystal panel having a plural- 
ity of pixel electrodes, a vertical driver circuit and upper and 30 
lower horizontal driver circuits for driving the liquid crystal 
panel, a sample hold circuit receiving a video signal for 
level-shifting, amplifying and holding the received video 
signal, a gamma conversion circuit receiving an output of 
the sample hold circuit for gamma-converting the received 35 
signal, a data inverting circuit receiving an output of the 
gamma conversion circuit for generating an inverted signal 
in the same phase in comparison with a predetermined 
constant voltage or a non-inverted signal in the same phase 
in comparison with the predetermined constant voltage, the ^ 
signal in the same phase being supplied to both of the upper 
and lower horizontal driver circuits, and a controller con- 
trolling the vertical driver circuit, the upper and lower 
horizontal driver circuits, the sample hold circuit, the 
gamma conversion circuit and the data inverting circuit. 

The above and other objects: features and advantages of 
the present invention will be apparent irom the following 
description of preferred embodiments of the invention with 
reference to the accompanying drawings. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating one example of a 
conventional analog type active matrix liquid crystal display 
apparams; 

FIG. 2 is a block diagram illustrating one example of a 
conventional digital type active matrix liquid crystal display 
apparatus; 

FIG. 3 is a block diagram illustrating an embodiment of 
the active matrix liquid crystal display apparatus in accor- go 
dance with the present invention; 

FIG. 4 is a waveform diagram illustrating a voltage on 
various points in the circuit shown in FIG. 3; 

FIG. 5 is a block diagram of a sample hold circuit 
incorporated in the circuit shown in FIG. 3; 65 

FIG. 6A illustrates a driving circuit for the LCD panel 
shovwi in FIG. 3; 
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FIG. 6B is a waveform diagram illustrating a driving 
voltage in the driving circuit shown in FIG. 6A; 

FIG. 7 is a block diagram illustrating another embodiment 
of the active mauix liquid crystal display apparams in 
accordance with the present invention; 

FIG. 8A illustrates a driving circuit for the LCD panel 
shown in FIG. 7; and 

FIG. 8B is a waveform diagram illustrating a driving 
voltage in the driving circuit shown in FIG. 7A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 3, there is shown a block diagram 
illustrating an embodiment of the active matrix liquid crystal 
display apparatus in accordance with the present invention. 
Similarly to the conventional example shown in FIG. 1, die 
embodiment shown in FIG. 3 includes an LCD panel 9 
having a number of pixel electrodes 13 arranged in the form 
of a matrix, and a vertical driver circuit 10 and upper and 
lower side horizontal driver circuits 11 and 12 for driving the 
LCD panel 9. 

Fiutbermore, the shown embodiment includes a sample- 
hold circuit 1 receiving a red signal R, a green signal G and 
a blue signal B for performing a level shifting, amplification 
and sample-holding of the received signals, a ganrnia (y) 
conversion circuit 2 for gamma-converting output signals 
Nl of the sample-hold circuit 1, a data inverting circuit 
receiving output signals N3 of the gamma conversion circuit 
2 for generating inverted signals N4 and non-mverted sig- 
nals N5 complementary to each other when putting a pre- 
determined voltage as a center reference level, and a con- 
troller 4 for controlling the above mentioned various circuits 
and associated with a low pass filter (LPF) 5 and a voltage 
controlled oscillator (VCO) 6. The signals N4 and N5 are 
supplied from the data inverting circuit 3 through a first 
signal bus 7 and a second signal bus 8 to the upper and lower 
side horizontal driver circuits 11 and 12 of the LCD panel 9, 
respectively. The sample-hold circuit 1 and the gamma 
conversion circuit 2 are formed together on the same semi- 
conductor substmte 30. 

Now. operation of the above mentioned active matrix 
liquid crystal display apparatus will be described with 
reference to FIGS. 3 and 4. FIG. 4 is a waveform diagram 
illustrating a voltage on various points in the circuit shown 
in FIG. 3. 

As shown in FIGS. 3 and 4, the RGB signal (represen- 
tative of the red signal R, the green signal G and the blue 
signal B) is supplied to the sample-hold circuit 1, and after 
the RGB signal is inverted and amplified to the inverted and 
amplified RGB signal (HG. 4), the inverted and amplified 
RGB signal is sampled and held in the sample-hold circuit 
1. As a result, die RGB signal is sciial-parallcl converted to 
video signals Nl. As clearly shown in FIG. 4, the video 
signals Nl have a ftequency which is lower than the 
firequency of the analog RGB video signal. These serial- 
parallel conv^cd video signals Nl are supplied to die 
ganmia conversion circuit 2 in which a correction for a j 
reverse ganuna (7) conversion at an image pick-up side n 
(transmitter side) and compensation of the brighmess-volt- 11 
age characteristics of the liquid crystal are performed. \ 

The output signals N3 of the gamma conversion circuit 2 
are supplied to the data inverting circuit 3. in which, if it is 
possible to neglect a feed-through of a pixel voltage based 
on a gate voltage, a half of the gamma convened signals are 
inverted by using a voltage of an opposing electrode of the 
LCD panel 9 as a reference or base voltage, and the 
remaining half is supplied in a non-inverted form. Namely, 
the data inverting circuit 3 supplies signals: N4 and N5 
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having a reference or base voltage Vcom and complemen- 
tary to each other with reference to the base or inversion 
center voltage, to the analog type upper and lower side 
horizontal dnver circuits 11 and 12 of the LCD panel 9, 
respectively. These signals N4 and N5 are inverted in ^ 
polarity from one line to another. 

The timing of the sample-holding of the sample-hold 
circuit 1, the timing of the inversion of the data inverting 
circuit 3, and a start pulse for a shift register in each of the 
horizontal and vertici driver circuits 10 to 12 are controlled 
by corresponding signals generated in the controller 4 in 10 
synchronism wi& the horizontal synchronizing signal HS 
and the vertical synchronizing signal VS. 

Referring to FIG. 5, there is shown a block diagram of the 
sample hold circuit 1. As shown in FIG. 5, the sample hold 
circuit 1 includes an input buffer 14 receiving the RGB video is 
signal for adjusting the level of the RGB video signal, a shift 
register 15 receiving a clock CLK and a start pulse SP from 
the controller 4, a sample hold unit 16 for sampling an output 
of the input buflfer 14 in respwise to parallel outputs of the 
shift register 15, and a selector 17 responding to a switch- 20 
over signal SE from the controller 4 selecting parallel 
outputs of the sample holding section 16 and for ou^utting 
the selected outputs to the gamma conversion circuit 17. 
FIG. 5 shows only the circuit required for one RGB signal 
for simplification of desoipdon, but actually, the circuit ^5 
shown in HG. 5 is required for each of the red signal R, the 
green signal G and the blue signal B. 

In the above mentioned sample-hold circuit 1, the RGB 
signal supplied to the input buflfer 14 is level-shifted, 
inverted and amplified in the input buflfer 14, and then, 
outputted to the sample hold unit 16. On the other hand, the 
dot clock CLK and the start pulse SP generated in the 
controller 4 in synchronism with the horizontal synchroniz- 
ing signal HS and the vertical synchronizing signal VS are 
supplied to the shift register 15, and the shift register 15 
generates the sampling clocks to the sample holding section 
16. The video signal inverted and amplified by the input 
btififer 14 is sampled and held in a corresponding stage of the 
sample holding section 16 in response to the sampling dock 
from a corresponding stage of the shift register; A fint half 
and a second half of sample holding stages within the sample 40 
holding section 16 are paired, and the outputs of each pair 
of the sample holding stages are latched m a corresponding 
latch provided in the selector 17. In response to the switch- 
over signal SE from the controller 4, the selector 17 operates 
to output either the outputs of the first half of the sample 45 
holding section 16 or the outputs of the second half of the 
sample holding section 16 as the output signals N3 supplied 
to the ganmia conversion circuit 2. 

As mentioned above, the sample hold circuit 1 and the 
gamma conversion circuit 2 are implemented on the same ^ 
semiconductor chip 30, but can be implemented on difl^erent 
semiconductor chips. In addition, if it is allowed from the 
viewpoint of the power consumptibn, of an LSI (large scale 
integrated circuit), all circuits necessary for all of the red 
signal R, the green signal G and the blue signal B are 
picfcncd to be Implcuiculcu fju ilic souic scuuLUJiuuciur 
chip. However, if it is not allowed from the viewpoint of the 
power consumption, all circuits necessary for each of the red 
signal R, the green signal G and the blue signal B can be 
implemented on a discrete semiconductor chip. 

Referring to HGS. 6A and 6B, there are shown a circuit ^ 
for driving the LCD panel, and a waveform diagram of the 
driving voltages. As will be seen from FIGS. 6Aand 6B, the 
shown driving system is a dot inversion driving system. The 
data signals N4 and N5 opposite to each other in phase 
centering around the reference voltage or the inversion 65 
center voltage, are supplied from the data inverting circuit 3 
to the upper and lower horizontal driver circuits 11 and 12, 



so that the inverted signal and the non-inverted signal are 
altemately applied to 5ie pixel electrodes within each one 
horizontal scan period. In addition, the inversion and the 
non-inversion are exchanged from one horizontal scan 
period from another. Accordingly, reviewing each pixel 
shown in FIG. 6A, a plus (+) indicative of the non-inversion 
alternates with a minus (-) indicative of the inversion in a 
direction (vertical direction) of data line connected to the 
upper and lower horizontal driver circuit, as well as in a 
direction (horizontal direction) of scan lines coimected to the 
vertical driver circuit 10. 

A data line inversion driving system diflferent from the dot 
Inversion driving system has been also known. In this data 
line inversion driving system, the data signals (N4 and N5) 
opposite to each other in phase centering around the inver- 
sion center voltage, are supplied to the upper and lower 
horizontal driver circuits U and 12, and, the inversion and 
the non-inversion are exchanged from one vertical scan 
period firom another. Accordingly, if, in one vertical period, 
all the data lines connected to the upper side horizontal 
driver circuit 11 are (+) and all the data lines connected to 
the lower Side horizontal driver circuit 11 are (-), in a just 
succeeding vertical period, all the data lines connected to the 
upper side horizontal driver circuit 11 become (-) and all the 
data lines connected to the lower side horizontal driver 
circuit 11 become (+). 

In the above mentioned first embodiment, neither an A/D 
convMter nor a D/A converter is used for processing the 
analog RGB signals, and only the serial-parallel conversion 
and the gamma conversion are performed. Therefore, a 
low^ power consiunpdon can be obtained. In addition, if the 
sample hold circuit 1 and the gamma conversion circuit 2 are 
implemented in a single chip, a compact and inexpensive 
circuit can be obtained. 

Refening to FIG. 7, there is shown a block diagram 
illustrating another embodiment of the active matrix liquid 
crystal display apparatus in accordance with the present 
invention. In FIG. 7, elements corresponding to those shown 
in FIG. 3 ate given the same Reference Numerals or Signs. 

In comparison with the first embodiment, the second 
embodiment is featured in that the sample hold circuit 1, the 
gamma conversion circuit 2 and the data inverting circuit 3 
are implemented on the same semiconductor substrate 40, 
and the data signals are supplied from the data inverting 
circuit 3 through only the same signal bus 7 to both the upper 
and lower horizontal driver circuits 11 and 12. In the other 
sbncture, the second embodiment is the same as the first 
embodiment, and therefore, a detailed descr^on thereof 
will be omitted for simplification of explanation. 

FIG, 8A illustrates a driving circuit for the LCD panel 
shown in FIG. 7. and FIG. 8B is a waveform diagram 
illustrating a driving voltage in the driving circuit shown in 
FIG. 7A. As could been seen from FIGS. 8A and 8B, this 
driving system is a gate line inversion driving system. In this 
gate line inversion driving system, the data signals N4 in the 
same phase in comparison with an inversion center voltage, 
are suppHed to bodi he upper and lower horizontal driver 
circuiis 11 and 12, but, the inversion and die non-inversion 
alternate from one horizontal scan period &t)m another. 
Accordingly, the polarities of the voltages written to the 
pixel electrodes are the same in the same scan line driven by 
the vertical driver circuit 10, and the polarities of the write 
voltages alternate from one horizontal line to another. 

A frame invenion driving system different from the gate 
line inversion driving system has been also known. In this 
case, the data signals (N4) in the same phase in comparison 
with an inversion center voltage, are supplied to both the 
upper and lower horizontal driver circuits 11 and 12, but, the 
inversion and the non-inversion alternate from one vertical 
scan period from another. Accordingly, if all the polarities of 
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the voltages written to all the pixel electrodes are plus (+) in 
one frame, all the polarities of the voltages written to all the 
pixel electrodes become minus (-) in a just succeeding 
frame. 

In the just above mentioned second erabodimem, since 5 
the serial-parallel conversion and the ganwna conversion are 
performed with using neither an A/D converter nor a D/A 
converter for processing the analog RGB signals, a lower 
power consumption can be obtained. In addition, since the 
sample hold circuit 1, the gamma conversion circuit 2 and jq 
the data inverting circuit 3 are implemented in a single chip, 
a compact and inexpensive circuit can be obtained. 

The invention has thus been shown and described with 
reference to the specific embodiments. However, it should 
be noted that the present invention is in no way limited to the 
details of the illustrated structures but changes and modifi- 
cations may be made within the scope of the appended 
claims. 

I claim: 

1. A full color active matrix liquid crystal display appa- 
ratus comprising: 

a liquid crystal panel having a plurality of pixel elec- 
trodes, 

a vertical driver circuit and upper and lower horizontal 
driver circuits for driving the liquid crystal panel, 25 

a sample and hold circuit receiving an analog RGB video 
signal for level-shifting, amplifying and holding the 
received video signal, and for outputting the held 
signals having a reduced frequency as parallel signals, 

a ganuna conversion circuit, directly connected to the 
sample and hold circuit, for receiving said parallel 
signals having said reduced frequency for gamma- 
converting the received parallel signals, 

a data inverting circuit receiving the gantmia-convertcd 
parallel signals output from said ganuna conversion 
circuit for selectively generating a signal inverted in 
comparison with a predetermined constant voltage and 
a non-inverted signal, said inverted signal and said 
non-inverted signal being supplied to said upper and 
lower horizontal driver drcuics, respectively, and 

a controller controlling said vertical driver circuit, said 
upper and lower horizontal driver circuits^ said sample 
and hold circuit, said garruna conversion circuit and 
said data inverting circuit, 

said sample and hold circuit includes an input buffer for 
level-shifting and amplifying said vi^o signal, a 
sample holding unit for sampling and holding the 
amplified video signal, a shift register, responding to a 
first signal from an external source, for generating a 50 
signal determining a sampling timing of said sample 
holding unit to said sample holding unit, and a selector 
receiving the signals sample-held in said sample hold- 
ing unit for outputting to said gamma conversion circuit 
ones of the sample-held signals, selected in accordance 55 
with a second signal from an exterria! source. 

2. An active matrix liquid crystal display apparatus 
claimed in claim 1 wherein said inverted signal and said 
non-inverted signal are inverted in said data inverting circuit 
tinder control of said controller from one horizontal scan 
period to an other. 
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3. An active matrix liquid crystal display apparatus 
claimed in claim 1 wherein said inverted signal and said 
non-inverted signal are inverted in said data inverting circuit 
under control of said controller from one vertical scan period 
to another. 

4. An active matrix liquid crystal display apparatus 
claimed in claim 1 wherein said sample hold circuit and said 
gamma conversion circuit are implemented on the same 
semiconductor substrate. 

5. A fiill color active matrix liquid crystal display appa- 
ratus comprising: 

a liquid crystal panel having a plurality of pixel elec- 
trodes, 

a vertical driver circuit and upper and lower horizomal 
driver circuits for driving the liquid crystal panel, 

a sample and hold circuit receiving an analog RGB video 
signal for level-shifting, amplifying and holding the 
received video signal and for outputting the held sig- 
nals having a reduced frequency as parallel signals, 

a gairuna conversion circuit, directly connected to said 
sample and hold circuit, for receiving said parallel 
signals having a reduced frequency for gamma-con- 
verting the received parallel signals, 

a data inverting circuil receiving the gamma-converted 
parallel signals output from said gamma conversion 
circuit for generating an inverted signal in the same 
phase in comparison with a predetermined constant 
voltage or a non-inverted signal in the same phase in 
comparison with said predetermined constant voltage, 
said signal in the same phase being supplied to both of 
said upper and lower horizontal driver circuits, and 

a controller controlling said vertical driver circuit, said 
upper and lower horizontal driver circuits, said sample 
and hold circuit, said gamma conversion dicuit and 
said data inverting cdrcuit, 

said sample and hold circuit includes an input buffer for 
level-shifting and amplifying said video signal, a 
sample holding unit for sampling and holding the 
amplified video signal, a shift register, responding to a 
first signal from an external source, for generating a 
signal determining a sampling timing of said sanq)le 
holding unit to said sample holding unit, and a selector 
receiving the signals sample-held in said sample hold- 
ing unit for outputting to said gamma conversion circuit 
ones of the sample-held signals selected in accordance 
with a second signal finom an external source. 

6. An active matrix liquid crystal display apparatus 
claimed in claim 5 wherein said inverted signal and said 
non-inverted signal are inverted in said data inverting circuit 
under control of said controller firom one horizontal scan 
period to another. 

7. An active matrix liquid crystal display apparatus 
claimed in claim 5 wherein said inverted signal and said 
non-inverted signal are inverted in said data inverting circuit 
under control of said controller from one vertical scan period 
to aiK)ther. 

». An active matrix liquid crystal display apparatus 
claimed in claim 5 wherein said sample hold circuit, said 
ganuna conversion circuit and said data inverting circuit are 
implemented on the same semiconductor substrate. 

>•< 1^ i» * 1^ 
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